Introduction
The World Health Organization (WHO) has recently pointed out antimicrobial resistance as a serious threat to planetary health. Staphylococcus aureus is among the most frequent and deadly human pathogens and exhibits a high capacity for developing resistance to multiple antimicrobial drugs. Community-associated methicillin-resistant S. aureus (CA-MRSA) has emerged in North America a few decades ago and, since then, is continuously spreading worldwide. [1] [2] [3] It is a matter of concern that CA-MRSA are resistant to almost all beta-lactam agents, which are the most widely prescribed drugs for the empirical treatment of typical S. aureus infections, such as skin and soft tissue infections. In places where CA-MRSA is highly prevalent, the introduction of effective antimicrobial treatment for these clinical conditions may be delayed, with possible negative consequences for the patient's outcomes. 4 In Brazil, CA-MRSA infections have been scarcely reported and little is known about the national epidemiology of this pathogen. [5] [6] [7] [8] The aim of this study was to evaluate selected clinical, demographical, and microbiological features of children with S. aureus infections admitted to a university hospital and to compare those infected by CA-MRSSA with those infected by other S. aureus phenotypes.
Materials and methods
Design -This was initially a descriptive study addressing the incidence of CA-MRSA infections. In addition, we performed a cross-sectional analysis for evaluating potential risk factors for CA-MRSA, and a retrospective cohort for evaluating clinical outcomes potentially associated with the CA-MRSA phenotype for the hospitalization period.
Setting -The emergency unit of a 121-bed public-affiliated tertiary-care university hospital. It offers acute care for a reference population of four million inhabitants, admitting only patients referred by primary and secondary-care services or rescued by ambulances. Because of that, only the most severely ill patients are admitted at the hospital.
Study population -All patients under 18 years old admitted to the study facility from January 1, 2012 to December 31, 2016 were considered potentially eligible to be included in the study if they had a microbiologically confirmed infection caused by S. aureus. Both community-associated and healthcare-associated infections were analyzed. Patients could be included more than once in the study if they had two episodes of infection at least one month apart. Colonization or asymptomatic infection episodes were excluded.
Data collection -Blood, abscess, skin and soft tissues (including surgical incisions), pleural effusion, joint effusion, bone, bronchoalveolar lavage, ocular swab, and liquor culture results from the microbiological laboratory data bank during the study period were screened. Data abstracted were genus/species identification and corresponding susceptibility test, both performed automatically by VITEK 2 (BioMérieux, Inc. Hazelwood, MO) which is a fully automated microbiologic identification system that evaluates an optical signal generated by individual biochemical reactions contained within a variety of microbe identification cards. After inoculation with a standardized suspension of the unknown organism, each self-contained card was incubated and read by the instrument's internal optics. Demographic and clinical data were collected from the patients' medical records.
Phenotypical classification of the isolates -All isolates exhibiting susceptibility to methicillin were classified as methicillin-susceptible S. aureus (MSSA). The isolates showing resistance to methicillin and to at least three other antimicrobial drug classes were classified as healthcare-associated methicillin-resistant S. aureus (HA-MRSA). Finally, isolates showing resistance to methicillin and to less than three other antimicrobial drug classes were classified as communityassociated methicillin-resistant S. aureus (CA-MRSA). 9 Epidemiological classification of the infections -Infection episodes were classified as community-associated when S. aureus was isolated from samples collected in the first 48 h of admission, and no classical risk factor for HA-MRSA was present. On the other side, infection episodes were classified as healthcare-associated when S. aureus was isolated after 48 h of hospital admission and/or the patient had a known risk factor for HA-MRSA. We considered as risk factors for HA-MRSA the following, when present within 12 months prior to current infection: previous hospitalization, surgery, use of catheters or other invasive devices, previous infection or colonization due to HA-MRSA, or residence in a long-term care facility. 9 Data analysis -The temporal incidence of the infections related to each one of the three S. aureus phenotypes over the study period were initially analyzed. Then, patients with CA-MRSA infections were compared with those infected by MSSA searching for risk factors potentially associated with the CA-MRSA phenotype, excluding patients infected with HA-MRSA from that analysis because of their markedly different epidemiology. Finally, all the patients included were compared regarding clinical presentation and in-hospital outcome.
Statistical analysis -We tested potential associations between categorical variables by means of calculating the odds ratio and the respective 95% confidence interval (95% CI), and by the application of the two-tailed Fisher exact test. Continuous variables were analyzed using the Wilcoxon test (Mann-Whitney). Differences were considered statistically significant if the corresponding p-value was inferior to 0.05 or the 95% CI did not include one.
Ethics
The Human Research Ethics Committee of the study institution approved the study protocol before the implementation (no. CAAE 82256917.2.0000.5440).
Results
From the initially screened 357 cultures yielding a positive result for S. aureus, 78 were excluded because of duplication or due to the patients not meeting clinical criteria for infection. Therefore, 279 infection episodes were included in the study, which were epidemiologically and microbiologically classified as shown in Fig. 1 . CA-MRSA accounted for 34.2% (55/161) of the community-associated infections, and 20.3% (24/118) of the healthcare-associated infections. Fig. 2 exhibits the incidence density rate per 1000 patient admissions in the facility during the study period. While HA-MRSA incidence exhibits a declining trend over the period, CA-MRSA and MSSA incidence show both the opposite trend. Fig. 2 -Incidence density rate of S. aureus infections during the study period according to the phenotypic classification (per 1,000 children admissions). Table 1 shows the analysis of potential risk factors for CA-MRSA infections when compared to the MSSA-infected patients. In that analysis, chronic cardiopathy was implicated as a protective factor against CA-MRSA infections (p = 0.006) and some other clinical characteristics exhibited a similar trend toward protection, such as younger age (p = 0.061) and presence of chronic lung disease (p = 0.055). Table 2 Unadjusted case fatality rates were similar between MSSA-infected patients (3.14%, 5/159) and CA-MRSA infected patients (3.80%, 3/79, p = 0.792). However, HA-MRSA infected patients were more likely to die in the hospital, if compared to the other two phenotypes (12.20%, 5/41, p = 0.013).
Levels of reactive C protein were similar between CA-MRSA infected patients (median = 7.5, IQR = 2.9-18.5), MSSA infected patients (median = 8.7, IQR = 1.7-24.2) and HA-MRSA infected patients (median = 6.1 (IQR = 0.9-10.4) (p = 0.514). Table 3 presents the aggregated results of the susceptibility tests obtained for the isolates, according to their phenotypical classification. Most of the CA-MRSA isolates were resistant to erythromycin (78.48%), but resistance to sulfamethoxazole/trimethoprim (5.06%) and clindamycin (3.80%) were uncommon. A significant portion of the MSSA isolates were resistant to erythromycin (37.11%) and clindamycin (19.5%) but resistance to sulfamethoxazole/trimethoprim (6.63%) was uncommon. As expected, the vast majority of the HA-MRSA isolates were resistant to erythromycin, clindamycin, sulfamethoxazole/trimethoprim, ciprofloxacin, gentamycin, and rifampicin. We detected no isolate resistant to vancomycin, teicoplanin, and linezolid.
Discussion
CA-MRSA is emerging as a worldwide threat with some studies reporting the prevalence of nasal carriers varying from 7.1% 10 to 0.6%. 11 In Colombia, CA-MRSA has been found to be associated with SCCmec IV and positive to PVL in 47% of community isolates 12 and in pediatrics patients associated to a new clone and high resistance to macrolides and tetracycline. 13 In Uruguay, CA-MRSA phenotype has been identified in 73% of strains isolated from patients with invasive disease (osteoarticular, pneumonia, and bacteremia). 14 In Brazil, a study has reported a 0.9% prevalence rate of CA-MRSA nasal colonization among healthy people living in the community, whereas 8.7% was found among adults with chronic wounds. 5, 6 The present study confirms that CA-MRSA is an emerging pathogen in Brazil, accounting for approximately one third of all S. aureus strains isolated from children with severe communityacquired infections. Moreover, we detected a trend of increasing incidence density over the five-year period of the study.
In prior studies, several risk factors for CA-MRSA infections have been identified, such as age, high body weight, family history of staphylococcal infections, aboriginal ethnicity, previous use of antibiotics, and presentation during the spring. [15] [16] [17] In the present study, having a chronic heart disease was protective against developing a CA-MRSA infection, which has not been identified by previous studies. Whether this association is of a causal nature or spurious remains unknown and needs to be addressed by future studies.
CA-MRSA has been classically associated with skin/soft tissue infections and osteomyelitis, which has also been observed in the present study. 18, 19 In many of those previous studies, CA-MRSA was associated with more severe clinical pictures, longer length of stay, increased risk of sequelae, and worse clinical outcomes. [20] [21] [22] [23] This fact is potentially related to intrinsic virulence factors, but may also be caused by a delay in the introduction of effective antimicrobial treatment, since CA-MRSA is resistant to almost all beta-lactamic agents, frequently used as a first line empiric therapy. In our study, case fatality rates were similar between CA-MRSA and MSSA infected patients, a fact that may be explained by the tertiary-care nature of the study facility, where a highly skilled dedicated team of pediatric infectious diseases specialists is available. However, caution must be exercised on analyzing such a raw fatality data, not adjusted for potential confounders, such as baseline severity score or appropriateness of the treatment employed.
Regarding antimicrobial susceptibility, our study highlights clindamycin, sulfametoxazol/trimetoprim (SMT/TMP), tetracyclines, and glicopeptides as first line options for treating CA-MRSA infections in Brazil, depending on the severity of the infection. On the other hand, it discourages the use of macrolides, such as erythromycin and clarithromycin, due to the high percentage of resistance here observed. In other studies, generally higher resistance rates have been detected among CA-MRSA isolates. 2, 18, [24] [25] [26] [27] [28] The present study has at least three important limitations. First, the study was retrospective and used a secondary data source, so one could not assure that all the data was uniformly collected. Second, we only looked at the phenotype for discriminating the isolates, whether others have advocated looking at molecular characteristics for doing so. And third, we only evaluated the most severe communityacquired staphylococcal infections, and therefore, we cannot extrapolate our findings to all infections occurring in the community.
In conclusion, the present study supports the hypothesis that CA-MRSA is actually an emergent pediatric pathogen in Brazil. Our results highlight the relevance of choosing an appropriate initial antimicrobial drug for treating children with severe S. aureus infections.
